CURRENT CONVENTIONAL anticancer strategies using radio-and chemotherapy are applied without discriminating between tumor and normal cells. Novel molecular therapeutics targeting, for example, cell surface receptors or intracellular signaling proteins have been designed, on the one hand, to specifically eradicate malignant cells when given as monotherapy and, on the other hand, to improve tumor control when given in combination with conventional radio-or chemotherapy (Ragnhammar et al. 2001; Tappenden et al. 2007; Wunder et al. 2007; Murdoch and Sager 2008) . Most importantly, the rationale for a useful and safe application of such targeted therapeutics lies in a differential expression or activity of a target molecule between tumor and normal tissue.
Recently, integrin-linked kinase (ILK) has been reported as new potent target molecule in cancer (Hannigan et al. 2005) . ILK is a serine/threonine protein kinase that interacts with the cytoplasmic domains of integrin b1, b2, and b3 subunits (Hannigan et al. 1996) . Besides a variety of critical functions such as phosphorylation of glycogen synthase kinase 3b to control the Wnt pathway (Delcommenne et al. 1998; D'Amico et al. 2000) or stimulation of hypoxia-inducible factor 1a expression to mediate induction of vascular endothelial growth factor-driven tumor angiogenesis (Tan et al. 2004) , ILK was under debate as a putative, phosphatidylinositol-3 kinase (PI3K)-dependent phosphorylator of Akt at S473 (Delcommenne et al. 1998; Persad et al. 2001) . To date, it seems generally accepted that Akt is phosphorylated by the mammalian target of rapamycin at S473 (Sarbassov et al. 2004; Boudeau et al. 2006) .
Concerning former histological analysis of ILK expression in cancer, ILK seems to be overexpressed in a number of human cancers (Persad and Dedhar 2003) . Comparing normal colon and adenocarcinomas of the colon, ILK expression was elevated in the tumors (Marotta et al. 2001 (Marotta et al. ,2003 , which was similar to a study on prostate cancers. Here, ILK positivity was greater in malignant than in normal tissue and was increasingly detectable in high-grade tumors (Graff et al. 2001) . In primitive neuroectodermal tumors and in medulloblastomas, ILK has been reported to be present in both of these tumor types (Chung et al. 1998 ). However, two thirds of neuroblastomas analyzed and 100% of other primitive tumors such as retinoblastoma, rhabdomyosarcoma, and lymphoblastic lymphoma lacked ILK expression. Moreover, all mesenchymal chondrosarcomas, osteosarcomas, and osteoblastomas analyzed in this study were also ILK negative (Chung et al. 1998 ).
In addition to this controversy, the role of ILK in cell survival on exposure to cytotoxic drugs or ionizing radiation also remains to be clarified. On exposure to X-rays, overexpression of wild-type ILK or an ILK mutant with a constitutively active kinase domain significantly reduced clonogenic cell survival of human lung cancer, squamous cell carcinoma, and leukemia cells (Cordes 2004; Eke et al. 2006 Eke et al. ,2007 Hehlgans et al. 2007a; Hess et al. 2007) . In contrast, analysis of cell viability and apoptosis showed that cells overexpressing ILK survived better on treatment with cytotoxic drugs and that pharmacological ILK inhibitors or ILK small interfering RNA transfection pronouncedly reduced cell viability under treatment (Duxbury et al. 2005; Younes et al. 2005 Younes et al. ,2007 .
Taking these discrepancies in histological examinations and cell survival into account, this study was performed to elucidate whether ILK upregulation correlates with dedifferentiation/loss of differentiation representing a critical characteristic of malignant tumors. Besides ILK, expression of the differentiation markers loricrin and transforming growth factor b2 (TGFb2) (Mehrel et al. 1990; Nawshad et al. 2004 ) and the ILK putative downstream target Akt were examined in a large number of human and mouse normal and tumor tissues of diverse origin. From our point of view, this study was needed to support the clarification of ILK's role in cellular differentiation and its potency as a therapeutic cancer target.
Materials and Methods
Tissue Specimens and Tissue Microarray Human tissues were obtained from pathology archival material in a blinded fashion as approved by the ethics committee of the Dresden University of Technology (Dresden, Germany). The human squamous cell carcinoma (SCC) cell lines UT-SCC14 and UT-SCC15 were grown in NMRI nude mice. Animal experiments were approved by the animal committee of the Dresden University of Technology and by the State of Saxony. For the production of tissue microarrays (TMAs), an AlphaMetrix device (AlphaMetrix; Rödermark, Germany) was used according to the manufacturer's instructions. The TMA consisted of 504 tissue samples (323 tumor 1 181 normal; ST1) placed on four different tissue blocks.
Immunohistochemistry and Immunofluorescence
Paraffin sections were deparaffinized in xylene and rehydrated. Antigen retrieval was performed in 10 mM citric acid, pH 6.0, at 98C for 15 min. The following antibodies were used for immunohistochemistry or immunofluorescence staining: rabbit polyclonal anti-ILK (KAP-ST203, dilution 1:100; Stressgen, Hamburg, Germany) (Marotta et al. 2003) , mouse monoclonal anti-ILK (sc-20019, dilution 1:100) (Mills et al. 2006; Sawai et al. 2006) , rabbit polyclonal anti-TGF-b2 (dilution 1:100; Santa Cruz, Heidelberg, Germany), rabbit polyclonal anti-Akt (dilution 1:10), mouse monoclonal anti-phospho-Akt-S473 (dilution 1:30; Cell Signaling, Frankfurt, Germany), and rabbit polyclonal anti-loricrin (dilution 1:80; Covance-Hiss, Freiburg, Germany). Biotinlabeled secondary antibodies (Vector Laboratories; Grünberg, Germany) were diluted 1:200. Signal amplification and color development were done with the streptavidin-biotin-based VECTASTAIN Elite ABC kit (Axxora; Grünberg, Germany) according to the manufacturer's instructions using a horseradish peroxidasecatalyzed reaction and DAB as the substrate. For immunofluorescence detection, the TSA-kit (Invitrogen; Karlsruhe, Germany) was used according to the manufacturer's instructions. This kit is based on tyramidebased signal amplification and includes the fluorochromes Alexa Fluor 488 and 546. Nuclei were counterstained with 4,5-diamino-2-phenylindole (DAPI). Negative controls for both immunohistochemistry and immunofluorescence stainings were performed by replacing primary antibodies with non-immune serum of the appropriate species. Negative control reactions yielded no staining confirming the specificity of the antibody recognition.
Intensity Evaluation, Scoring, and Statistical Analysis
Stainings were evaluated by a pathologist (MH). The following semiquantitative score was used: 0, no staining; 1, weak staining (just above background); 2, medium intensity staining; 3, strong staining. Differences of the ILK staining intensities between tissue blocks were adjusted with the means of at least three different standard tissue cores placed in each block. Statistical analysis of the staining intensities between different tissue groups was done using the x 2 test.
Western Blotting
Normal human fibroblasts (HSF-2, kindly provided by H.P. Rodemann, University of Tuebingen, Germany) were cultured in DMEM containing 10% fetal calf serum. Proteins were extracted as described (Hess et al. 2007 ). Western blots were done using standard procedures (Sambrook et al. 1989 ) and were performed as three independent experiments.
Results

Localization of ILK in Normal and Tumor Tissues of the Gastrointestinal Tract
At first, because of its high hierarchic differentiation order, different epithelia of the gastrointestinal tract were examined for ILK expression. In the epithelium of the esophagus, the basal layer ( Figures 1A and 1B , arrows) contained less ILK than the layers above. The layers directly above the basal layer showed a diffuse cytoplasmic staining, whereas in the middle layers of the epithelium, ILK was accentuated at the cell membrane. In the small intestine, crypt cells contained much less ILK than the cells of the upper parts of the villi (Figures 1C and 1D, arrow) . Similar findings were obtained in the colon ( Figure 1E ). In particular, the surface epithelium showed an ILK positivity (arrows) comparable to the intensity of the lamina muscularis mucosae ( Figure 1E ). In a human SCC xenograft model in nude mice, which delineated areas of spontaneous differentiation, ILK expression was intense in these differentiated areas ( Figure 1F , arrows) in contrast to surrounding more immature tumor cells.
Localization of ILK in Tissues and Tumors Derived From Different Germ Layers
We next sought to study tissues from all three germ layers (endoderm, mesoderm, neuroectoderm) to present further supportive evidence for the observed association of ILK and differentiation. At first, in addition to the endoderm-derived intestinal tissues described above, the endoderm-derived epithelium of the prostate was examined. In general, the epithelial cells of prostate adenocarcinomas contained less ILK [including cases with no ILK expression: Figure 2A ) compared with the three ILK-positive tissues, i.e., blood vessels (Figure 2A, arrow) , surrounding connective tissue (Figure 2A , double arrowhead) and normal prostate epithelium ( Figure 2B, arrows) . Second, the mesoderm-derived hematopoietic system (i.e., bone marrow) was evaluated for ILK expression. Tumor tissue of immature hematopoietic cells showed weak ILK staining in cells from human acute myeloblastic leukemia ( Figure 2C ), whereas mature megakaryocytes in this tissue contained high amounts of ILK ( Figure 2C , white arrow). Mature bone marrow was highly positive for ILK including neutrophil granulocytes and megakaryocytes ( Figure 2D ). Third, the ectoderm-derived neural tissue was explored showing immature neuroectodermal cells from a human neuroblastoma to be marginally positive for ILK ( Figure 2E ). In contrast, cells from more mature ganglioneuroblastomas contain pronouncedly more ILK ( Figure 2F ), which was similar in mature ganglions (data not shown). With regard to the intracellular localization of ILK, most cell types showed a cytoplasmic ILK staining. A distinct cell membrane staining of ILK could only be found in squamous epithelial cells of normal tissue (see Figure 1A ) and more differentiated cells within a subgroup of SCCs (see Figure 1F ) as well as for most clear cell (conventional) renal cell carcinomas (see below).
ILK Is Coexpressed With Differentiation Markers
To further assess the association of ILK with differentiation, different tissue samples were double stained with ILK and the differentiation markers loricrin or TGFb2. In the mouse skin, both ILK ( Figure 3A ) and loricrin ( Figure 3B ) were coexpressed and colocalized in the upper layers of the skin. In differentiated areas of the SCC xenografts, ILK ( Figure 3D ) and loricrin ( Figure 3E ) were also coexpressed but not colocalized within the cells. Here, loricrin was mainly cytoplasmic and ILK was membranous. Co-staining of ILK with TGFb2 indicated a similar observation in the more differentiated tumor areas of SCC xenografts (Figures 3G-3I ).
ILK Is Colocalized With Phosphorylated Akt-S473
Because ILK is believed to phosphorylate Akt at S473, we next examined the colocalization of ILK with Akt or its S473-phosphorylated form in normal epithelium of the esophagus, representing the strongest differentiation hierarchy. Whereas the basal layer of the epithelium per se showed a low Akt expression ( Figure 4A , arrow), Akt expression was higher in more differentiated squamous epithelial cells ( Figure 4A ). Stromal cells generally showed a high Akt expression ( Figure 4A ). Both, the staining intensity and localization of phosphorylated Akt-S473 correlated with total Akt (Figure 4B, arrow) . These findings were confirmed by immunofluorescence double labeling of ILK plus Akt or phosphorylated Akt-S473 ( Figures 4C-4L ).
Comparison of ILK Expression Between Normal and Tumor Tissues and Between Different Tumor Tissues
In the following, an immunohistochemistry analysis on ILK was performed using a self-designed TMA (323 tumor, 181 normal; see supplementary information). Overall, we found no significant difference in ILK expression between all normal and tumor tissues implemented in the TMA (see supplementary information; Figure 5A ). Adenocarcinomas had a slightly lower ILK expression compared with squamous cell carcinomas, which was not statistically significant ( Figure 5B ). The mean ILK expression of squamous cell carcinomas is ?10% higher than in normal squamous epithelium, but this difference is not statistically significant ( Figure 5C ). In contrast, the mean ILK expression in renal cell carcinomas is reduced by ?35% compared with normal kidney tissue, which is statistically highly significant ( Figure 5D ; p,0.001). In consideration of a large number of renal tissues in the TMA, the corrected statistical analysis of ILK expression in normal tissues other than kidney vs tumor tissues other than kidney showed to be significantly in- creased in the tumor tissues ( Figure 5E) . In contrast to the majority of renal cell carcinomas showing this strongly reduced ILK expression, a small number indicated a moderate and distinct cell membrane localized ILK staining ( Figures 6A-6F) . Western blot analysis of human normal fibroblast protein lysates showed the polyclonal anti-ILK antibody (Stressgen) to recognize a major band at ?60 kDa, which corresponds to ILK. The specificity of the anti-ILK mouse monoclonal antibody (Santa Cruz) has been shown in the datasheet of the company. 
Discussion
ILK is currently under intense investigation with regard to its role as a therapeutic target in anticancer treatment. The findings on ILK's prosurvival effects and on the differential expression of ILK in tumor vs normal tissue are controversial. Because of these facts and the clinical relevance of a differential ILK expression in tumor vs normal tissues, this study was carried out using single tissue sections and a TMA. ILK expression was evaluated in different tumor and normal tissues with special focus on the relationship between ILK and differentiation. Cellular differentiation can be concluded from the localization of a cell in a tissue (i.e., tissue architecture) and the expression of specific differentiation marker proteins such as loricrin and TGFb2. The hierarchical structures present in the different tissues examined were used for the histological examinations.
The findings of this study clearly indicate that ILK is strongly associated with cellular differentiation and coexpressed/colocalized with loricrin and TGFb2 in the specific tissues investigated. This was shown with different anti-ILK antibodies. In our study, ILK expression was significantly overexpressed in tumors of diverse origin (difference in statistical analysis between Figures 5A and 5E because of exclusion of kidney tissue), but the biological importance underlying this overexpression is questionable because of its minor extent, which is highly unlikely to affect the therapeutic ratio. In our study, we found no tumor type with exceptionally high expression of ILK, which means that there is no tumor type that would be a candidate for specific targeting of ILK as a therapeutic option. In some cases (e.g., renal cell carcinoma), ILK mean staining intensity is pronouncedly decreased compared with normal tissue and with SCCs or adenocarcinomas. Whether the tumor grade is correlative to ILK positivity should be evaluated in further studies. An important finding, which confirms published data, is the association of ILK with its putative downstream target Akt and the level of Akt-S473 phosphorylation. A role of ILK in differentiation is known from different studies in hepatocytes, kidney, and brain (Belvindrah et al. 2006; Gkretsi et al. 2007; Li et al. 2007 ). Our findings corroborate these data and add further supporting information by delineating a coexpression of ILK with both loricrin and TGFb2. This can particularly be seen in multilayered epithelium of the skin, mouth, and esophagus. In these tissues, the basal cells are more immature and contain stem cells of the squamous epithelium. ILK usually shows a low expression level in these cells. In the epithelium of the esophagus, ILK expression increases immediately above this basal layer. In the small and large intestine, the whole crypts contain low amounts of ILK, whereas the villi of the small intestine or the surface epithelium are strongly positive for ILK. Similar to the gastrointestinal tract, the mature functional cells of the bone marrow present the highest ILK expression.
Using a TMA containing most normal tissues and all major types of malignant tumors, no significant difference between ILK expression in normal and tumor tissues was observed. Our findings partly corroborate the report by Chung et al. (1998) showing low or absent ILK expression in many highly proliferative tumors such as lymphoblastic lymphoma and retinoblastoma and other types of undifferentiated tumor cells. Moreover, linking ILK to more differentiated areas of tumors or to tumors with moderate or slow doubling times, ILK seems to be associated with decreased proliferation. Consequently, ILK expression in tumors may generally reflect partial differentiation of tumor tissue, which is typically associated with decreased proliferation. According to our data, ILK could be a marker of differentiating tumor cells that cease to exist as therapeutic targets. According to this opinion, tumors with areas of high ILK staining would simply contain larger areas of differentiation, whereas the clonogenic, proliferating cells are not stained. In contrast, a study in colon cancer showed that ILK expression was higher in dysplastic lesions than in normal tissue (Marotta et al. 2001) . However, in this study, expression in tumors was compared with basal and middle parts of the colon mucosa where ILK expression is low. Obviously, the upper part of the mucosa with its pronounced ILK staining was not evaluated in the study by Marotta et al. (2001) . Another study in prostate cancer found that, compared with tissues with benign prostatic hyperplasia, a higher percentage of tumors express ILK and that ILK expression in prostate carcinomas correlates with tumor grade (Graff et al. 2001) .
ILK binds to the cytoplasmic tail of b1 integrins, which suggests that the cellular distribution of both proteins should be similar (Hehlgans et al. 2007b ). However, b1 integrin expression has been described in the basal layer of the epidermis and to be lower in differentiating cells (Jones and Watt 1993; Brakebusch et al. 2000) , which is an inverse pattern compared with ILK. These data suggest that b1 integrin signaling in basal cells of the squamous epithelium cannot be mediated by ILK and that integrin signaling in these cells is mediated by other molecules such as FAK (Wennerberg et al. 2000) . We conclude that the interaction between b1 integrin and ILK seems to be dependent on the differentiation status of the cells.
In agreement with published data, ILK and Akt are coexpressed in the examined tissues, resulting in an association of ILK with phosphorylated Akt-S473. Because this coexpression also correlates with the grade of differentiation, our data are consistent with the theory of a relationship between grade of cellular differentiation and radioresistance or chemoresistance (Pirollo et al. 1993; Wang et al. 1999) . The predominant underlying mechanism of this resistance phenotype is currently being studied.
In conclusion, this study clearly showed a hierarchical expression of ILK in many tissues and that ILK expression is associated with cellular differentiation. Our findings generated in a large set of tumor and normal tissues may have potential clinical applicability with regard to the use of novel therapeutic targeting strategies against ILK. Unless pathologically evaluated on an individual basis, ILK seems not to represent a reasonable target molecule in most types of tumors.
